INTRODUCTION
The use of CPPU (N-(2-chloro-4-pyridinyl)-N'-phenylurea) on red and black grapes is considered very carefully in South Africa, because it can cause problems with colour development (Anon., 2007) . However, some producers use it because an increase in berry diameter may contribute to an increase in yield. When the diameter of Flame Seedless berries is increased from 17 mm to 18 mm, it can increase the harvest by 21%. Such an increase equals 700 more 4.5 kg cartons (G.G. van der Merwe, personal communication).
GA 3 (gibberellic acid) enlarges the grape berries of cultivars producing seeded and seedless grapes (Zoffoli et al., 2009) and acts synergistically in combination with CPPU to increase berry size even further (Dokoozlian et al., 1994; Zoffoli et al., 2009) . Combined applications of GA 3 and CPPU (Ben-Arie et al., 1997; Avenant & Avenant, 2006) , as well as CPPU applied on its own (Ben-Arie et al., 1997) , improve grape berry firmness.
Excessive use of CPPU reduces total soluble solids (TSS) and elevates acidity (Dokoozlian et al., 1994) . Together, TSS and acidity determine organoleptic acceptability (Lázlo & Loubser, 1995) . Peppi and Fidelibus (2008) found that CPPU can also decrease the amount of anthocyanins per berry skin surface area and cause lighter coloured grape berries.
Seaweed extract, applied as a supplement, has been shown to increase grape berry size (Norrie et al., 2002) . With regard to the improvement of grape colour, Redglobe grapes treated with CPPU at véraison, and supplemented with a 1.5% seaweed solution at 12 mm and 16 mm berry size, tended to produce a higher percentage of bunches with a darker colour (Avenant & Avenant, 2006) . The use of a seaweed extract on its own, depending on the dosage, improved the brightness and redness of Trakya Ilkeren grapes (Kok et al., 2010) . It has also been documented that several spray applications of seaweed extract improved berry firmness of Sultanina (Norrie et al., 2002) .
The overall objective of this study was to determine whether the cytokinin CPPU and a seaweed product, containing auxins, cytokinins and nutrients, can be included with GA 3 as part of the berry enlargement programme in Flame Seedless, Redglobe and Crimson Seedless. The aims were to test the effect of CPPU and a seaweed extract on berry size, as well as the concomitant effects thereof on berry firmness, TSS, TTA (total titratable acidity), anthocyanin concentration and cold storage defects.
MATERIALS AND METHODS
The experiments were conducted in the 2008/2009 season on Vitis vinifera L. cultivars Flame Seedless and Redglobe in the Northern summer rainfall region (NSR) in the Limpopo province of South Africa, and on Crimson Seedless in the Lower Orange River region (LOR) of the Northern Cape province. The details of the experimental vineyard are depicted in Table 1 . Standard viticultural practices for cultivar and region were applied according to guidelines for the preparation of export grapes (Greyling, 2007) .
Mean monthly temperature and rainfall data (2008/2009) were obtained from weather stations near Marble Hall in the NSR and at Kanoneiland near Upington in the LOR (Fig. 1) . The trials were laid out as randomised complete block designs with five treatments (Table 2) , replicated in six blocks with one vine per experimental unit.
The following GA 3 (active ingredient = 32 g/L gibberellins) thinning and enlargement sprays were applied on Flame Seedless: 5 ppm (110% flowering), 5 ppm (3 to 4 mm berry diameter), 10 ppm (7 to 8 mm berry diameter), 25 ppm (8 to 9 mm berry diameter) and 20 ppm (9 to 10 mm berry diameter). CPPU (active ingredient = 10 g/L) treatments were applied on Flame Seedless as a mixture with 10 ppm GA 3 at 7 to 8 mm berry diameter (Table 2) . Aquawet ® (150 mL/1 000 L) was used as wetting agent for all treatments applied to Flame Seedless, except for the seaweed treatment. Redglobe received only one enlargement spray of 25 ppm GA 3 (active ingredient = 32 g/L gibberellins) at 10 to 12 mm berry diameter. CPPU bunch dip treatments were applied separately without a wetting agent, at 4 to 7 mm berry diameter. Crimson Seedless received one enlargement spray of 20 ppm GA 3 (active ingredient = 400 g/kg gibberellins) at 6 to 10 mm berry diameter, applied as a mixture with CPPU treatments. A pH buffer, Bladbuff 5 ® (250 mL/1000 L), was used for all treatments on Crimson Seedless.
The CPPU and seaweed treatments used in this study were based on the results of commercial trials carried out by agrochemical companies. The choice of seaweed derivative was based on the most widely used product in each particular area. The application of the CPPU and seaweed extract treatments on all three cultivars is summarised in Table 2 .
Treatments on Flame Seedless and Crimson Seedless were applied as bunch-directed sprays to ensure full coverage of bunches to the point of run-off (the point at which some of the spray droplets that covered the bunches joined together and began to run over the berries) and the Redglobe bunches were dipped to ensure complete bunch coverage. For the spray treatments, plastic curtains between the vines prevented spray drift. Further details of the applications are presented in Table 2 .
According to the maturity indices of the National Department of Agriculture (NDA), the respective minimum total soluble solids (TSS) for Flame Seedless, Redglobe and Crimson Seedless are 15, 14 and 16°Brix (South Africa, 1990) . When average berry TSS for each cultivar reached minimum export requirements, 50 berries were sampled randomly from each experimental vine. Ten randomly selected bunches from each of the data vines of each cultivar were harvested, weighed and packed for cold storage. Bunches were individually packed in carry bags inside 4.5 kg closed-top cartons lined with a perforated plastic bag. A UVASYS ® dual release sulphur dioxide (SO 2 ) generator sheet (Grapetek, South Africa) was positioned on top of the grapes. The sampled berries were used to determine berry diameter, visual grape colour, as well as TSS, TTA (total titratable acidity) and anthocyanin concentration. Grape colour was determined visually by classification of bunches and berries into different colour classes, from 1 (dark) to 9 (light) according to the respective cultivar colour charts of the NDA (South Africa, 1990) . TSS were determined with a digital hand-held refractometer (Atago dbx-30) and expressed as °Brix. TTA (g/L) was determined by titration of a 50 mL filtered juice sample with 0.333 N NaOH to a 7 pH end-point using an automatic titrator (Mettler Toledo DL15). The anthocyanin concentration of the whole berries was determined by spectrophotometry (Thermospectronic Heλios Gamma) according to the method of Iland et al. (2000) , and expressed as mg anthocyanins/g fresh berry weight (FW).
After five weeks in cold storage at -0.5°C, followed by one week at 7.5°C, evaluations for loose berries, SO 2 damage, berry crack, decay, soft tissue breakdown and external bruises were carried out. Thirty randomly sampled berries were used to determine berry firmness with the Isicudisi Grape and Soft Fruit Compression Tester (Central Electronic 1 ppm at 7-8 mm 3 ppm at 4-7 mm 2 ppm at 6-10 mm a CPPU 2 ppm at 7-8 mm 4 ppm at 4-7 mm 3 ppm at 6-10 mm a CPPU 3 ppm at 7-8 mm 5 ppm at 4-7 mm 4 ppm at 6-10 mm b Seaweed extract 0.2% (v/v) Services, Stellenbosch University). The force needed to press the pressure probe onto the berry skin surface at a press setting of 1 mm, without penetrating the skin, was expressed as g. High values present firmer berries.
Colour chart classification data were subjected to a general linear model (GLM) technique with a logistic link function. The maximum likelihood estimators (X-beta's) were calculated on an underlying scale (McCullagh & Nelder, 1989) . These estimators, which are on an interval scale, were subjected to standard two-way analysis of variance (ANOVA). The cut-off points for the respective classes were given as intercepts. For all the data, the Shapiro-Wilk test was performed to test for normality (Shapiro & Wilk, 1965 ). Student's t-least significant differences (LSD) were calculated at a 5% significance level to facilitate comparison between the treatment means.
RESULTS AND DISCUSSION
Berry size and berry firmness Flame Seedless Two ppm CPPU significantly increased berry diameter compared to the control, but did not affect berry firmness significantly (Table 3) . Berries from the control treatment were significantly firmer than berries from 1 and 3 ppm CPPU. Flame Seedless berries produced by the seaweed extract treatment were significantly smaller than berries from the control and CPPU treatments.
Redglobe
In comparison with the control, 5 ppm CPPU significantly increased berry diameter, whereas none of the treatments affected berry firmness significantly (Table 4) .
Crimson Seedless
Compared to the control, berry diameter was significantly increased by 3 and 4 ppm CPPU (Table 5 ). Compared to the seaweed extract treatment, all the CPPU treatments increased berry diameter. Compared to the control, berry firmness was not significantly affected by CPPU. Firmness was significantly increased by the treatment with seaweed extract.
Increased berry size when a synthetic cytokinin is used in combination with GA 3 (Dokoozlian et al., 1994; Zoffoli et al., 2009 ) was confirmed in this study. However, the results obtained on berry firmness are contradictory to results from previous work on other cultivars. In this study, the control (GA 3 standard) produced firmer Flame Seedless berries than 1 and 3 ppm CPPU (in combination with the standard GA 3 treatment), whereas Ben-Arie et al. (1997) found that GA 3 in combination with CPPU increased berry firmness of Superior. This contradiction might be explained by the different reactions of cultivars to synthetic cytokinins. In the Redglobe trial, CPPU did not have a significant effect on berry firmness when CPPU was applied at 4 to 7 mm berry diameter, whereas Avenant and Avenant (2006) found that Redglobe berry firmness increased when CPPU was applied at véraison only. This contradiction can be attributed to the 
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application time and thus purpose of CPPU application. In this study, the purpose of application was to increase Redglobe berry size, whereas the purpose of the study of Avenant and Avenant (2006) was to manipulate Redglobe berry colour.
Juice composition, grape colour and anthocyanin concentration Flame Seedless
Three ppm CPPU lowered TSS and increased TTA compared to the control, whereas 2 ppm CPPU did not have a significant effect on these variables (Table 3) . None of the CPPU treatments had a significant effect on anthocyanin concentration. The seaweed extract significantly increased anthocyanin concentration compared to the control.
Redglobe
Compared to the control, TSS was significantly increased by 5 ppm CPPU, whereas TTA and anthocyanin concentration were not affected significantly (Table 4) .
Crimson Seedless
Compared to the control, TSS was significantly decreased by 4 ppm CPPU. All the CPPU treatments significantly increased TTA and significantly decreased anthocyanin concentration compared to the control (Table 5) . Lowered TSS, increased TTA (Dokoozlian et al., 1994; Zoffoli et al., 2009) and lowered anthocyanin concentration (Peppi & Fidelibus, 2008) due to CPPU were confirmed in this study. Increased TTA is sometimes related to a delay in harvest. However, according to the maturity indices of the NDA (South Africa, 1990), a minimum value of 16°Brix is required for Crimson Seedless and, in this study, 3 ppm CPPU resulted in a TSS of 18°Brix and higher. The results of the visual colour classification of the berries followed similar patterns (Figs 2 to 4) to the anthocyanin concentration. The Flame Seedless and Crimson Seedless bunches from all treatments were suitable for export (data not shown).
CPPU only had a negative effect on the anthocyanin concentration of Crimson Seedless in the LOR. The more pronounced effect of CPPU on anthocyanin concentration in the LOR was probably due to high temperatures of above 30°C. Above 30°C, anthocyanin biosynthesis is reduced (Mori et al., 2005) and anthocyanin pigments are degraded (Mori et al., 2007) . During the ripening period of Crimson Seedless (December to February), maximum temperatures rose above 30°C in the LOR (Fig. 1) . Thus the reduction in anthocyanin concentration might also be related to high temperatures during the ripening period.
Cold storage defects Data obtained from evaluations after cold storage showed some trends, although these were not always specific or significant. Compared to the control, the percentage total cold storage defects of Flame Seedless and Redglobe were not affected by any of the treatments (Tables 6 and 7 ). An increase in CPPU dosage tended to increase the percentage of SO 2 damage, bruises and total defects of Crimson Seedless compared to the control, whereas 4 ppm CPPU increased (1997) found that the combined application of GA 3 and CPPU on Thompson Seedless decreased the number of loose berries per box significantly compared to the use of only GA 3 . In this study, the percentage of split berries on Redglobe was increased significantly by 4 ppm CPPU, whereas Zoffoli et al. (2009) reported no significant increase in the percentage of split berries on Redglobe with the combined use of GA 3 and CPPU. 
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CONCLUSIONS
The results of one season indicated that CPPU could be included, in combination with GA 3 , as part of a berry enlargement programme for Flame Seedless, Redglobe and Crimson Seedless. The seaweed extract was not effective in increasing berry size in any of the cultivars. However, a seaweed extract was effective in increasing the anthocyanin concentration of Flame Seedless berries and the berry firmness of both Flame Seedless and Crimson Seedless. CPPU dosages of 2, 5 and 3 ppm improved the berry size of Flame Seedless, Redglobe and Crimson Seedless respectively. None of these treatments had a negative effect on other grape quality variables, except for 3 ppm CPPU, which increased TTA and decreased the anthocyanin concentration of Crimson Seedless. The lighter coloured Crimson Seedless grapes were still suitable for export. Although CPPU decreased the anthocyanin concentration of Crimson Seedless in the LOR, the detrimental effects of high temperature on anthocyanin concentration and grape colour should also be considered.
To be able to make final recommendations, the trials should be repeated for at least one more season to verify the results.
